Introduction
Disasters are a complex mix of natural hazards and human actions, and their increasing occurrence hinders economic and human development across the world (Wisner et al. 2004) . The United Nations International Strategy for Disaster Reduction (UNISDR 2005) revealed that disaster loss is on the rise, with grave consequences for the survival, dignity and livelihoods of individuals, particularly the poor in developing countries. It is generally believed that the increasing risk and vulnerability to disasters is a result of changing demographics, technological, political and socio-economic conditions, as well as unplanned urbanisation, development in high risk zones, environmental degradation, and climatic variability (UNISDR 2005; Wisner et al. 2004) . The multiplicity of the causal factors of disasters shows the complexity associated with their prevention and management.
Commercial plantations in South Africa are frequently exposed to disaster risks such as fires, harsh climatic conditions, tree diseases, pests and pathogens. The occurrence of these disasters causes much damage to plantations. Records show that fires pose the highest risk to the sustainability of the forestry sector in South Africa. For instance, in a survey carried out by Forestry South Africa on behalf of the then Department of Forestry and Water Affairs in 2007/2008 found that of the 77 150 ha of plantation that had been lost or destroyed, 70 812 ha or 92% had been lost to or destroyed by fires (DWAF 2009) . A combination of adverse weather conditions, diseases, insects and animals were responsible for the loss or destruction of the remaining 6338 ha or 8%. It is similarly reported that about 994 008 ha of plantation were damaged from 1980 to 2011 in South Africa and that the damage of 579 728 ha or 58% of the total was caused by fires, whilst other causes accounted for the damage of the remaining 414 280 ha or 42% of the total (Forestry & Forest Product Industry 1980 -2011 .
Disasters have the potential to cause loss of livelihoods and services. Conducting disaster risk assessments is critical in order to reduce the possible effects of those disaster risks. As indicated by the UNISDR (2009), disaster risk assessments assist in determining the nature and extent of risk by analysing potential hazards and evaluating existing conditions of vulnerability that together could harm exposed people, property, services, livelihoods and the environment on which people depend. The most critical part of a disaster risk assessment is that data and information generated are useful in developing disaster risk prevention and control strategies. As also indicated by Jordaan (2006) , scientific risk identification and analysis is crucial in order to provide accurate information for policy-making, risk prioritisation and the development of a reliable disaster risk index.
The concept of risk analysis has evolved over time, and there is improvement in the recent risk analysis equations. However, a reliable and standardised risk equation is necessary in order to obtain similar results at international level. Wisner et al. (2004) indicated that: the risk of disaster is a compound function of the natural hazard and number of people, characterised by their varying degrees of vulnerability to that specific hazard, who occupy the space and time of exposure to the hazard event. (p. 49) There are basically two elements in the risk equation, namely hazard and vulnerability, as expressed in the following Wisner et al. (2004:49) Wisner et al. (2004) and UNISDR (2002) respectively. This study applied both equations in order to assess the extent of fire disaster risk at Roburnia Plantation.
Problem statement
Fire is one of the major risks that negatively affect the sustainability of plantation forests in South Africa. Fire is one of the dominant disturbances in forest ecosystems (Flannigan, Stocks & Wotton 2000) , and its occurrence has the potential to destroy large numbers of hectares of plantation forests.
Fire occurs almost every year in the plantation forests in South Africa, and causes immense damage. However, the magnitude of fire risk and its impact has not been adequately addressed, particularly at a localised scale. The problem that this study sought to address was that of determining the extent of fire risk and its impacts at the Roburnia commercial forestry plantation in the Mpumalanga Province of South Africa.
Methodology
The study was conducted at the Roburnia Plantation, which is one of the Komatiland Forest Plantations, and is located at 26°40′04″S and 30°44′18″E near a small town called Amsterdam, Mpumalanga Province of South Africa. The types of tree species grown at Roburnia Plantation include pine, wattle and gum trees. The plantation is divided into two sections: the Roburnia and Blairmore sections. The total area in both sections is about 23 000 ha. The area planted with commercial forests is about 16 000 ha, whilst about 7000 ha are under indigenous vegetation cover. The reasons for choosing Roburnia forest plantation as the study area were twofold: firstly, Roburnia Plantation is located in the Mpumalanga Province -the province which has the highest number of commercial plantations in South Africa; and secondly, the same province annually experiences the highest number of fires that destroy plantations.
Both epistemological and scientific research designs were used in this study in order to assess the level of disaster risk. Quantitative data sets on factors that influence the occurrence of fire were collected. These include data on fire frequency, intensity, impact and the level of risk, and data on the number of hectares burnt by fire and economic losses. Qualitative data sets on perceptions of people towards the extent of fire were collected using questionnaire survey and interview methods. Secondary data sets were also collected from literature, including official documents and reports obtained from the management of the plantation.
A purposive sampling method was followed in order to identify individuals to be interviewed at Roburnia Plantation. This sampling technique was chosen in order to ensure that data and information were obtained from knowledgeable and experienced participants. The participants interviewed were foresters and fire fighters and had more than 10 years of experience in the forestry sector. A total of eight people were sampled for interviews, which included five forest managers and three fire fighters. They were interviewed in order to determine the extent and impact of disaster risks at the plantation.
Risk assessment score sheets were circulated via email, and also distribution to the offices for completion. A risk assessment matrix or score sheet was used to capture collected data. The matrix used was developed by the Ekurhuleni Metropolitan Municipality: Disaster Management Centre (2002) Risk Assessment Matrix, adapted by Maryna StrydomStorie. Hazard assessment was determined through scoring the frequency, intensity and overall rank of the identified risks (scale: from not likely to occur = 1 to certain = 3). The scores were added and then divided by 3 to give the hazard level. Vulnerability assessment was determined through scoring the impact of identified hazard on socio-economic and environmental issues (scale: from low = 1 to high = 3). The scores were added and then divided by 5 to give the vulnerability level. Capacity assessment was determined through scoring the capacity to respond to the hazard (scale: from poor = 1 to good = 3). The scores were added and then divided by 5 to give the capacity level. Secondary data were gathered through literature reviews in books, journals, reports and websites which are available and accessible in the public domain. Data on the number of hectares burnt, number of fires and fire extinguishing costs were downloaded from Disaster Management System (DMS) at the Roburnia Plantation.
The datasets collected through the questionnaire and the risk assessment matrix were captured in Ms Excel 2007 and then analysed using descriptive and inferential statistical methods. The risk equations 1 and 2 presented earlier were then used to determine the levels of risk. Analysis of variance (ANOVA, single factor) was also applied in order to examine the relationship between the two equations.
Results and discussion
Before the risk could be determined, it was essential to first conduct a detailed hazard, vulnerability and capacity assessment as required in the risk assessment equations. The results of these assessments are presented below.
Hazard assessment
Major hazards identified at Roburnia Plantation include fires, harsh weather conditions, diseases, pests and pathogens (Table 1) . If these hazards are not properly prevented and/ or managed, they have the potential to negatively affect the sustainability and productivity of the forest at the plantation. However, the degree to which the Roburnia Plantation is exposed to those hazards varies. As reflected in Table 1 , the mean (± s.d.) shows that fire is the single major hazard to forest sustainability at the plantation, at 3 ± 0.0 (41%), followed by harsh weather conditions at 2.7 ± 0.4 (36%) and lastly tree diseases, pests and pathogens at 1.7 ± 0.3 (23%). The hazard assessment results suggest that there is high probability for fires to occur at Roburnia Plantation, and that when such fires occur they have potential to cause severe negative impacts. This implies that the management at Roburnia Plantation needs to develop plans and strategies to prevent the occurrence of these hazards. This supports the observation made by Wisner et al. (2004) that effective execution of disaster prevention plans and strategies could enhance resilience to hazards.
Vulnerability assessment
The Roburnia Plantation is highly vulnerable to the damaging effects of hazards such as fires, harsh weather conditions, tree diseases, pests and pathogens (Table 1) . As reflected in Table 1 , the mean (± s.d.) shows that the Roburnia Plantation is highly susceptible to fire hazards at 2.6 ± 0.5 (43%), followed by harsh weather conditions at 2.1 ± 0.5 (35%) and lastly tree diseases, pests and pathogens at 1.4 ± 0.2 (23%). This means that if these hazards are not properly prevented, the plantation will be exposed to the hazards' potential negative impacts, which in turn would have detrimental effects on people's livelihoods. Other likely negative impacts include loss of life as a result of fires, destruction of infrastructure, loss of forest resources, and loss of employment.
The results obtained from the vulnerability assessment therefore suggest that management at Roburnia Plantation needs to address the factors that increase levels of vulnerability in order to reduce the exposure and susceptibility to fire hazard risks. As also indicated by Wisner et al. (2004) , reducing vulnerability is a daunting task and all resources and efforts need to be mobilised and marshalled towards this goal.
Capacity assessment
As reflected in Table 1 , the mean (± s.d.) results obtained from the capacity assessment show that the management at Roburnia Plantation have the necessary capacity required to deal with risks such as fires at 2.7 ± 0.4 (38%) and harsh weather conditions at 2.6 ± 0.4 (37%). The management personnel at the plantation indicated that they annually conduct public awareness campaigns to sensitise their officials and members of the public on the dangers of fire. The idea is to inform them on how they can deal with fire incidents. They also indicated that they have a fire management plan which is reviewed annually in order to address gaps identified during the year.
The results show, however, that the management at Roburnia Plantation does not have sufficient capacity at 1.7 ± 0.3 (25%) to deal with other hazards such as tree diseases, pests and pathogens (Table 1) . These results therefore suggest that the management at Roburnia Plantation also need to re-work their plans in order to address other risks besides fire.
Application of Wisner and United Nations International Strategy for Disaster Reduction risk equations
As stated earlier, the risk equations developed by Wisner et al. (2004) and UNISDR (2002) were used in the study in order to determine levels of risk at Roburnia Plantation.
Application of the Wisner equation (Equation 1)
Hazard and vulnerability variables are considered in the Wisner equation as the important variables in determining the level of risk (Wisner et al. 2004) . The study used hazard and vulnerability variables following the Wisner equation in order to determine the extent of the risks at Roburnia Plantation. The mean (± s.d.) analysis output shows that the level of risk varies. Fire is rated as the highest risk at 7.7 ± 0.3 (49%), followed by harsh weather conditions at 5.6 ± 0.4 (36%) and least by tree diseases, pests and pathogens at 2.3 ± 0.2 (15%) (Figure 1 ). 
Application of the United Nations International Strategy for Disaster Reduction equation (Equation 2)
The UNISDR (2002) (Figure 2) . Figure 2 shows that fire is rated as the highest risk at 2.9 ± 0.2 (45%), followed by harsh weather conditions at 2.2 ± 0.3 (34%) and least by tree diseases, pests and pathogens at 1.3 ± 0.2 (21%).
The study found that the two risk equations gave more or less the same results. The ANOVA single factor probability value between the two risk equations output was not significant (p = 0.13). This means that the meaning and interpretation must be similar. This is against the findings of Nogueira, Luqi and Nada (2000), who indicated that the outcome of risk analysis would not necessarily be consistent because different experts could arrive at different conclusions from the same scenario. The most likely explanation why in this study the two models gave similar results was that the data sets used in both models were obtained from the same sources, namely experienced foresters and fire fighters. It follows therefore that possible errors or gaps in risk analysis can be reduced by interviewing experts, experienced and knowledgeable people.
Impact of fires at Roburnia Plantation
Fires occur annually, affecting many hectares of plantation forest at Roburnia Plantation. The major causes of fires at the plantation include arson, honey gathering, heavy machinery and lightning. However, arson appears to account for more than 70% of fires at Roburnia Plantation. Most of these fires occur at midday and in the evening. The results of this study concur with other studies which indicated that human activities are mainly responsible for major fires (e.g. This study has found that the tree species that are mostly affected by fires are gums, followed by pines. The gums are most affected by fires because they are highly flammable. They can burn even when the leaves are wet and green because the leaves of gum trees contain volatile substances which increase the intensity of fire.
Number of fires and hectares burnt annually
The number of fires and hectares burnt in South African commercial forest plantations varies annually, but they are on the rise (DWAF 2008) . This study found that the number of fires and hectares burnt at Roburnia Plantation varies annually. Such variation also had results in differences in annual fire extinguishing costs ( Table 2 ). The most fire incidents, amounting to 218, were recorded during the year 2010. However, the mean (± s.d.) number of fires that occurred between 2007 and 2011 was 165.40 ± 56.19 (Table 2 ). The cause of the high number of fire incidents in 2010 is not clearly known by the management at Roburnia Plantation, but from the findings of this study it can be deduced that it could have been a result of the low amount of rainfall received in 2010. The total recorded rainfall for 2010 was 689 mm, which was far below the average of 908 mm calculated from 1975 to 2011. Low rainfall in that year could have created conditions suitable for more outbreaks of fires. (Table 2 ).
The highest cost incurred for extinguishing fires was R725 969.92 and this was incurred in the year 2010. The mean (± s.d.) amount incurred for extinguishing fires at Roburnia Plantation between 2007 and 2011 was R471 903.01 ± R256 330.32 (Table 2 ). The data presented in Table 2 implies that management at Roburnia Plantation needs to effectively implement fire prevention plans and strategies in order to ensure that the number of fires, hectares burnt and costs incurred due to extinguishing fires are drastically reduced. This clearly demonstrates the need to conduct risk assessment so that effective risk prevention plans and strategies can be developed and implemented.
Seasonal variation in the number of fires and hectares burnt
Data acquired from the study shows that there were seasonal variations in the number of fires and hectares burnt in 2011 (Figure 3) . The ANOVA single factor analysis confirms that the number of fires is strongly correlated to the number of hectares burnt (p = 0.66). This means that an increase in the number of fires also results in an increase in the number of hectares burnt, and conversely, that a decrease in the number of fires also results in a decrease in the number of hectares burnt. This study found that the number of fire incidents was low during the summer months, but increased during winter and spring (Figure 3 ). This variation is mainly due to a converse relationship with rainfall. The availability of rain moistens the area as well as the fuel. During summer, the number of fires and hectares burnt are low because of the high moisture content, but the number of fires and hectares burnt increases during winter due to its low moisture content. These conditions influence fire ignition and complete burn during winter and spring (Figure 3 ).
Although the number of fires and hectares burnt increases from March, the highest peak was recorded in September (Figure 3) . The findings of this study concur with other studies conducted in southern Africa, which indicated that the highest peak of fires occurs in August/September (e.g. Scholes, Ward & Justice 1996; Van Wilgen, Trollope & Everson 1990 ). However, some odd high incidents of fires might also occur in summer and autumn (Forsyth & Van Wilgen 2008) , mainly caused by lightning.
Conclusion
The study proved that possible risks can be identified by conducting disaster risk assessments. It was found that Roburnia Plantation is highly exposed to fire risks. A record of high frequency of fire occurrence, high exposure and vulnerability to fires at Roburnia Plantation suggests that there are high probabilities that this trend will continue in the future. The study further confirmed that data and information generated through risk assessment are essential for developing effective disaster risk prevention and control strategies. The advantage of preventing risk is that it significantly reduces the cost associated with disaster response, recovery and development, particularly in the long term. The current challenge hindering effective risk prevention plans at Roburnia Plantation, and in most plantations in South Africa, is that most resources are allocated for fire fighting and control, whilst meagre resources are allocated for risk assessment and prevention. Such a challenge requires that plantation managers re-focus their strategies and deal with risk before the actual disaster event occurs.
An important finding of the study is that even if different risk equations are applied to analyse the risks, the outcome of such analysis provides similar results. Although this finding needs to be further tested, it nevertheless renders credence to the use of models and modelling techniques in risk assessment, particularly in situations where the sources of data used are reliable and trustworthy. The data were compared with the average monthly rainfall (mm) measured from 1975 to 2011. 
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